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SUMMARY 

A method for quantitatiTe analysis of ternary mixtures of 
naphthalene, 1-m.ethylnaphthalene, and 2-methylnaphthalene on the 
■basis of ultraviolet absorption in the region from 3000 to 3300 A 
is presented and the effect of interference by a fovirbh absorber 
vas investigated. Scsne data pertinent to possible interference by 
sulfur compounds of the types expected in petroleum are also 
included. 

Twelve synthetic ternary mixtures of the three naphthalenes 
were analyzed with an average error of 0.8 percent of the alkyl- 
naphthalenes present. 

The method was applied to seven outs of American crude petro- 
leums that distilled at temperatures, which indicated that the 
three lowest boiling naphthalenes constituted nearly all the con- 
densed dicyolic aromatics present. Accuracy in the case of the 
cuts of crudes could not be definitely established but was esti- 
mated to be about 0.03 percent of the sample. 


IHTROIUCTION 

The steadily increasing use of high-boiling hydrocarbon fuels 
(that is, those distilling above the gasoline range) in Jet- 
propulsion and Diesel engines has led to recent extensive research 
to determine whether the efficiency and the performance of these 
ermines may be markedly affected by some specific compound or by a 
particular type of hydrocarbon. These trends have made analysis 
of such hydrocarbon mixtures increasingly important. 


Applications of analytical methods established for gesoline 
to the higher boiling range of kerosene and Diesel oil often change 
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the elgairicaace of these methods or render them lnadeq.uate. Con- 
densed dloycllc aromatic hydrocarhons constitute one type that Is pres- 
ent in kerosene hut not in gasoline. Cheaaical and physical methods 
for detenolnlng amounts of-this type of CQi! 5 )Ound are descrihed In refer- 
ences 1 to 3. 'The polarographic method of reference 4 determines total 
naphthalenes in petroleum, fractions for cases in which naphthalenes 
are the only polynuclear aroiaatics present. These methods could he spe- 
cific for a paarfcicular naphthalene only if It weis Isolated hy fraction- 
ation. 

The posslhility of using ultraviolet spectrophotcanetry for the 
identification and estimation of alkylnaphthalenes In straight-run 
petroleum, distillates was proposed in reference 5. No method of analy- 
sis for the individual compounds, 1-methylnaphthalene and 
2-methylnaphthalene , was estahllshed , however , in reference 5 . Instead 
a method, of estimation was proposed on the basis of an isomeric mixture 
of these com.po\mds adopted as typical. 

A method developed at the NACA Cleveland laboratory and described 
herein supplements reference 5 by demonstrating the possibility of q.uan- 
titatlve analysis of mixtures of the three alkylnaphthalenes that have 
leanest boiling points. Paraffins, naphthenes, olefins, monocyclic and 
noncondensed polycyclic aromatics do not Interfere with the method. The 
possibility of Interference by some sulfur compounds that are present in 
petroleum crudes of high sulfur content was considered and the ultra- 
violet spectra of four compounds- representing three types of siilfur com- 
pound are Inolud-ed. The usual procedure of analyzing synthetic ternary 
mixtures of the purest compounds available and ccaaparing the concentra- 
tions determined with the Isnown ccaapositlons has been used to establish 
the accuracy of the method. As an analogy of the case in which distilla- 
tion ml^t not perfectly Isolate the three alkylnapthalenes , the effect 
of interference by a known amount of a fourth absorber has been investi- 
gated. Seven cuts of American crudes have also been analyzed and the 
accuracy of determining a known amount of naphthalene or a 
2-methylnaphthalene added to one of the cuts was evaluated. 

INSTEUMEJNTS AND MATERIALS 

The q,uertz photoelectric spectrophotometer used for the 
measiarements is a commercially available Instrument described in 
reference 6. The instrument was modified to give greater sensi- 
tivity (and thus allow the use of narrower silts) by substituting 
a 5000-megohm resistor for the 2000-megohm resistor designated E 3 _q 
in the electrical circuit diagram (fig. 5) of reference 6. A 
hydrogen discharge lamp was the source of ultraviolet light, 
litlnctlons were read directly from a calibrated dial. The widths 
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of entrance and ezlt slits vere adjusted "bj a single knob and vere 
set at either 0.16 or 0.50 millimeter. I3ie Isoootane solvent and 
the solutions of the samples In Isooctaine were held In matched 
q,uartz cells 0.50 centimeter thick. Small quantities of sample 
were welded on an analytical balance . 

The dloycllc aromatics In the following list were used in the 
investigation : 


Hydrocarbon 

Boiling point 

Analytical wavelength 
(A) 


(°C) 

Naphthalene 

424 

218 

3110 

2 -Methylnaphthalene 

466 

241 

3190 

1-Methylnaphthalene 

473 

245 

3140 


The naphthalene was recrystallized from ethanol until Its melting 
point was 80° C (176° F). The 1-methylnaphthalene, synthesized 
and purified at Western Reserve University, Cleveland, Ohio, was 
furnished by Dr. Oliver J. GErumiiitt. The 2-methylnaphthalene was 
an Eastman Kodak Company "white label" chemical recrystallized 
twice from ethanol to improve its purity and homogeneity. These 
chemicals were probably above 98 pei^ent in purity. The aoenaph- 
thene was used eis supplied under "white label" by Eastman Kodak 
Company. 

The phenyl sulfide, amyl sulfide, dodecyl sulfide, and dodecyl 
mercaptan were used as supplied by manufacturers and were probably 
above 90 percent in purity. 


EROCErUEl iUSU EISDETS 

The ultraviolet absorption spectra of naphthalene, 
1-methylnaphthalene, and 2-methylnaphthalene were measured in the 
ra ng e from 3010 to 3240 A with slits set at 0.16 millimeter 
(fig. 1). (See reference 5 for the naphthalene spectrum measured 
with 0.50^nm slits.) Measurements at several of the peaks of 
absorption were also made with slits 0,50 millimeter wide. The 
narrower slit width is near the mini mum that could be used with 
the modified instrument and the wider slit width is in the middle 
of the range available to users of the unmodified spectrometer. 
Calibrations were made and test analyses run at both these slit 
widths to demonstrate the accxiraoy of the proposed method under 
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Isoth. Improved and noimal apectrometer-aensltivity conditiona. The 
apeotrum of acenaphthene waa measured in the region from 3085 to 
3295 A with 0.50 -millimeter elite (fig. 2). The epectra of the 
sulfur ocmpoimde were measured from 2200 to 3300 A with 0.50-aailli- 
meter slits (fig. 3). 

In the 12 ternary mixtures prepared, three were "blends of 
approximately equal concentrations cxf each of the three allcyl- 
naphthalenes . The remaining nine mlxbttres were divided into three 
groups; one of the components of each group was in low concentra- 
tion relative to the other two. Two synthetic quaternary mixtures 
contained these three allsylnaphthalenes in approximately equal 
amounts and a"bout 1 percent "by wel^t of acenaphthene "based on 
total alliylnaphthalenes to serve as an interferer. 

The mixtviree were so diluted with isooctane that the total 
alkylnaphthalene concentration was approximately 0.50 gram per 
liter; the a"bsorption in a 0.50 -centimeter cell was measvired at 
the wavelengths chosen for analysis at slit widths of 0.16 and 
0.50 millimeter. Solution of three simultaneous linear equations 
as in reference 7 yielded the spectrophotometrlc analyses. 

OJhe following example of an application of these simultaneous 
equations is given for the 0.16 -millimeter slit; 

ts 1.942Cq^ + 1.734c2 h* 2.062c2 

0.516o^ + 2.3410^ + 1.541CJ 

Ej-j^QQ ® 0.137c-j^ + 0.797Cg + 3.7180^ 

where E3140# %190 extinctions at the three 

analytical wavelengths as Indicated "by the spectrometer and c^^, 

Cg, and Cg are the concentrations in grams per liter of naph- 
thalene, 1-methylnaphthalene, and 2-methylnaphthalene, respectively. 
The numerical coefficients are values of the specific extinctions k, 
which are the a"bsorptlaas "by solutions of 1 gram per liter in a 
1-centlmeter cell of the respective compounds at the designated 
wavelengths. The calculations are "based on a 1-oentlmeter cell and 
the extinctions are twice the value of the measTired optical density. 

For test solution 1, suhstitution of the experimentally deter- 
mined values of 0.989, 0.667, and 0.733 for ^3140# 

E3190 and simultaneous solution of the three equations yields 
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oonoeiitratioiis of 41.3, 24.8, and 30.5 percent by weight for 
Og, and Og, respectively, as shown in the first row of table I. 

Ees^llts of the analyses of ternary mixtures of the alkyl- 
ndphthalenes with 0.16 -millimeter slits are given in table I and 
results of similar analyses with 0.50-mlllimeter silts are given 
in table II. Differences between the known concentrations cal- 
culated from the wei^ts of ccsnpounds in the mixtures and the con- 
centrations determined by spectrophotometrlc analysis are also 
tabulated as percentages of total aJ.kylnaphthalenes and averaged 
in tables I and II. In table III are shown the results obtained 
when small amounts of aoenaphthene (about 1 percent baaed on total 
aliylnaphthalenes ) were added to two synthetic mixtures. Concen- 
trations of the three principal constituents in these two mixtures 
were calculated as if aoenaphthene were not present in order to 
demonstrate effects of an unBixspected interferer. The true syn- 
thetic concentrations are also given. 

The analyses of six fractions (A.S.T.M. end points below 420° I 
(215.6° C)) frcm Tomball, Bradfo 2 ?d, Midway, Yates, and Eastings 
crudes are given in table IV together with A.S.T.M. distillation 
data. These low-boiling fractions were used because the end points 
made it unlikely that interfering hl^er-boillng condensed poly- 
nuclear hydrocarbons would be present in significant quantities. 

In table Y are shown the results obtained when known amounts of 
naphthalene and 2-methylnaphthalene were added to the hi^er- 
boiling out of Eastings crude (278° to 420° F). The ultraviolet 
spectra showing these additions are given in figure 4. These 
known additions were determined to within 0.03 percent of sample ^ 
hence, it is estimated that the accuracy of the results in table IV 
is about 0.03 percent of the total sample. 


DISCUSSION OB’ EESULTS 

The method proposed herein is applicable to concentrations 
ranging frcm 0.002 to 100.0 percent by wel^t. The average of 
differences between known and analyzed concentrations for the 
12 ternary mixtures was 0.8 percent by wei^t of the total alkyl- 
najhthalenes for measurements with 0. 16 -millimeter slits and 
1.2 percent for measurements with 0.50-mllllmeter slits. The 
lower accuracy at the wider slit setting was expected and the 
0.8-percent deviation was considered satisfeustorily low. The 
result that deviations in the determinations of low concentrations 
were in nearly all oases less than the average when 0.16 -millimeter 
slits were used was unexpected. Inspection of tables I and II 
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shows no significant trend in deviations with respect to sign. 

IDlfferenoes between the average deviations for each component are 

hardly large enough to be significant but they were sli^tly lower °° 

in the case of 2'^ethylnaphthalene. 

Isoootane, a transparent paraffinic solvent, constituted more 
than 99 percent of each of the solutions measured in the spectro- 
photometer. Naphthenes, olefins, conjugated olefins, monocyclic, 
and noncondensed polycyclic aromatics are also essentially trans- 
parent in the 3100 to 3300 A region; hence, the analyses may be 
performed in the presence of these types of hydrocarbon compound. 

The problem of obtaining samples that contain only naphthalene and 
the methylnaphthalenes from crudes that may contain numerous com- 
pounds in the allsylnaphthalene series has not been investigated. 

Ebhylnaphthalenee and propylnaphthalenes are the most probable 
inteif erers but because of their unavailability at this time the 
tests with acenaphthene (b.p., about 538° F (S81° C)) were sub- 
stituted. The boiling point of acenaphthene is above the range 
for the allsyliiaphthalenes considered but it is one of the most 
serious possible Interferers known and has absorption that averages 
about three times as intense at the analytical wavelengths as the 
absorption by each of the other components. The presence of approxi- 
mately 1 pe 3 ?cent by wei^t of acenaphthene (based on total alkyl- 
naphthalenes) purposely added to mixtures 13 and 14, but treated as 
an unSTOspected Interferer, yielded an average deviation cf 1.2 per- 
cent for measurements with 0.16- millimeter slits. This deviation 
is indeed small. The value of 4.1 percent obtained when slits were 
0.50 millimeter wide is nearer the expected value. 

In general, the spectra of the sulfur compounds shown in 
figure 3 indicate that they would catise sll^tly more serious 
interference with detemlnatlons of monocyclic aromatica as pro- 
posed in reference 7 than with the present method for alkylnaph- 
thalenes . Conseguently, the monocyclic aromatic absoi^ptlon region 
from 2200 to 2800 A is also included in these spectra. On. the 
basis of these sulfur-compound spectra, the presence of 1 percent 
of these compounds on the basis of total aliylnaphtheJ-enes would 
be espeoted to cause the sum of alkylnaphthalene determinations to 
be hi^ by not more than the following peroentagea ; 

Sulfur compounds Ihorease due to presence 

of 1 percent of compound 
(percent) 

Dodecyl mercaptan 0.0007 

Dodecyl sulfide ,03 

Amyl sulfide .04 

PhOTyl sulfide .3 
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The boiling point of phen;yl sulfide is about 556° F (296° C), hence 
it would probably be reduced to a negligible concentration if ethyl- 
naphthalenes were successfully removed from a sample by distilla- 
*tion. In the case of some outs from crude petroleums of hi^ 
sulfur content, selective removal of the sulfur compounds would 
probably be necessary. 


SUMMARY OF RESULTS 

On the beisis of ultraviolet speotrophotcmetrio measurements in 
the region from 3000 to 3300 A, the following results have been 
obtained: 

Synthetic ternary mixtures of naphthalene, 1 -me t hy Inaphthalene , 
and 2 -methy Inaphthalene were guantltatively analyzed with an aver- 
age error of 0.8 percent of the aliylnaphthalenes present. 

The method was applied to outs of crude petroleum and the 
average error was estimated to be about 0.03 percent of the toteil 
sample. 


Fll^t Propulsion Research Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio, November 12, 1947. 
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Bama tnmTiouci sE>BcxsoigciTOHS!S vm o.ie-KDxsam slits 


Solutloa 

Total all 7 l- 
aapbtbalenes 
In solution 
(graei/llter) 

Kuoini oomposltlon 
(parcant ty vel(^it) 

Conpoaltlcm 
tatveen am 

IS 1}/ AJiftl jth1h ami 

iljzed and. knonn a 
peroant ly vei^t 

dlfferenooB 

zqioaltlcaa 

ATamge peroentage 
diffacenoa par 
aoluttoD 


HaplitlialeDe 

1-Kathyl- 

napBthaleDB 

2-Mathyl- 

naphtbalana 

Kapbtheleue 

l-MatByloatAi- 

tholeiie 

24fetBylna}4>- 

tBalerw 







Anal- 

yted 

Dlffor- 

eooo 

Anal- 

yzed 

Dlffw- 

once 

Anal- 

ysed 

Wffar- 

enoe 


1 

0.S279 

43.6 

25.0 

31.5 

41.3 

-2.3 

24.8 

-0.2 

30.5 

-1.0 

1.2 

2 

.6876 

30,1 

28.3 

41.6 

30.6 

.5 

26.7 

-1.6 

41.3 

-.5 

.8 

3 

.5591 

28.8 

31.4 

39.6 

27.2 

-1.6 

30.5 

-.9 

37.2 

-2.6 

1.7 

i 

.4570 

7.5 

41.1 

51.3 

7.0 

-.5 

41.7 

.6 

50.5 

-.8 

.6 

5 

.6198 

8.2 

40.8 

51.0 . 

6.8 

-1.4 

37.8 

-3.0 

51.9 

.9 

1.8 

6 

.5290 

4.3 

53.1 

42.6 

5.8 

-.5 

53.3 

.2 

43.3 

.7 

.5 

7 

.6839 

56.2 

3,2 

40.5 

57.4 

1.2 

2.7 

-.5 

40.6 

.1 

.6 

8 

.5184 

52.6 

6.2 

41.2 

53,2 

.6 

6.5 

.1 

40.6 

-.6 

.4 

8 

,7093 

49.1 

5.3 

45.6 

48.6 

-.5 

5.2 

-.1 

44.4 

-1.2 

.6 

10 

.5U2 

60.7 

36.2 

4.1 

60.3 

-.4 

37.0 

1.8 

4,1 

0 

.7 

11 

.3717 

46.9 

45.2 

7.9 

46.8 

-.1 

46.8 

1.6 

8.2 

.3 

.7 

12 

.7808 

34.8 

63.1 

2.1 

34.7 

-.1 

65.2 

.1 

1.7 

-.4 

.2 

ATeraga iLffereofle par ooapcnsirt 

0.6 


0.9 


0.7 




Orer-nll araraga differenoe 




O.B 
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IntloQ 

Tobal aU 7 l- 
oajJrthalBDea 
In aolutloD 
{eren/llt«r} 

Cm 

(pm 

»ni Qon^ltlcc. 
rtjeiij; 67 wsl^t) 


Hfeti7l- 

naifathBlaivi 

2 -«rtlul- 

naphthalscje 

1 

0.5279 

43 . e 


31.5 

S 

.6876 

30.1 


41.6 

5 

.5591 

28.8 


39.8 

i 

.4570 

7.5 


51.5 

S 

.8198 

8.2 


Sl.O 

6 

.5290 

4.3 

SS.l 

42.6 

7 

.5839 

56.2 

3.2 


8 

.5184 

62.6 

6.2 


9 

.7093 

49.1 

5.3 


10 

.5442 

60.7 

35.2 

mm 

11 

.3717 

46.9 

45.2 

7.9 

12 

.7806 

54.8 

i 

63.1 

2.1 


Arange differeixse par oatipoiMnt 


Oretr-oU arerags dUXoronoo 


<7 AimBAISCEAimS DBHK} 0.50-4QLLIMEfffi 


»»'PIU 


Ccapoeltloc >17 anAlyais and dlffereocea 
botirsea anal;x«d and knovn c(npo«lticDB 
(pero«rt Tiy wiglit] 



0.9 
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031Ba UntRATIOUD SPBCmOEBOiaHEIIBB WB!H 0.16- AHS O.SO- wn.TJMBna} auss 


Solution 

lotal aii 7 l- 
naphtbaleoss 
in solution 

(graa/U't«p) 

Shown oogipoaltlon based 
on alk^lnaplithQljsnea 
(percent by veigbt) 

Acanaphtiiens 
added in 
perosot of 
alliylnaplL- 
thalenee 

OcapoeittaQa by analyala and difTeronoos 
betmena analyzed and bicwn ccn^oaitlooB 
(peroent by wol^t) 

ATsrege peroentago 
difference per 
aolutloa 

Vapbthalsne 

H4othyl- 

napbtbalene 

2-Uath7l- 

n&phtliAlflQe 

Haphthaleoa 

1-Hertbyl- 

naphthklefie 

8-Metbyl- 

naidithBleiie 

Anal- 

yzed 

Differ- 

enoa 

Anal- 

yzed 

Wffer- 

eoae 

Anal- 

yzed 

Differ- 

enoe 


Hltb 0.16-allltiieter silts 

13 

0.5745 

86.8 

31.4 

39.8 

1.4 

31.3 

8.5 

32.6 

1.8 

40.0 

0,2 

1.3 

14 

.8588 

49.8 

5.3 

45.5 

1.0 

51.7 

8.5 

5.8 

.5 

45.3 

-.8 

1.1 

1 AToraee difforoaod per companont 

8.5 


O.S 


0.8 




Oror-all iimKeta dlfferenoo 





1.8 




with O.SO-ollUiwtar Bllta 

13 

0.5746 

88.8 

31.4 

59.8 

1.4 

30.7 

1.9 

31.4 

0 

41.6 

1.8 

1.8 

14 

.SS22 

49.8 

5.5 

45.5 

1.0 

es .8 

U.6 

-.8 

-5.5 

46.4 

.9 

7.0 

ATsrage djffersnoe per oottpomnt 

8.3 


2.8 


1.4 




Orsr-all aTerags dJfTerenoe 


* 



4.8 
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f 

‘«ro«iit craponrtisd 



Voluma aUvlnapfathalanas found 
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1 

60 

90 

Snd 

point 

P OalOwiillineter elliia 



O.SOHilllliieter illta 



A.5.T.M. disbllliitlah taB^antttre 

Majihtlib- 

lane 

1-Hatbyl- 

mpiiUiB- 

lana 

2-HeUiyl' 

OBjitlthB- 

lena 

Total 

aDtyl- 

uajiitlia' 

leaea 

Kaphtila- 

lene 

1 

l-Hetlyl- 

myditlia. 

lane 

Z-Metliyi- 

naphtba-' 

Iwaa 

Total 

alkjrl- 

na^tha- 

lenes 

Tonball U 

Z24 

262 

315 

338 

0,014 

0.012 

0.005 

O.OSl 

0,014 

0,012 

0.007 


Bmlf ord ZA 

US 

234 

311 

372 

.021 

.058 

,022 

.081 

.016 

.039 

.028 

.083 

Midva; ik 

159 

262 

557 

396 

.129 

.072 

.058 

.236 

.124 

.072 

,069 

.265 

I«tes 4A 

20S 

259 

311 

356 

.064 

.067 

,(B5 

.166 

.081 

.042 

.052 

.175 

Bneblo^ 5k 

1S8 

213 

272 

319 

.006 

,006 

.002 

.013 

.006 

.005 

.003 

.014 

Kistlngs SB 

3oe 

343 

388 

420 

.304 

.070 

.102 

.476 i 

.289 

.062 

.109 

.400 . 
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pampls 



AUgriuapbthaljeae, 

percent ty toIum 



— 

With O.lCMiillliaieter sllta 

With O.SO-alUliiioter sllta 

tlaphtha- 

leoe 

l-Mothyl- 

naiiLtba- 

Lane 

2-Methyl- 

naiixtha- 

lene 

Total 

alkjn- 

naifatha- 

lene 

lajditha- 

loui 

1-Methyl- 

oaphldha" 

lane 

2-Methyl- 

najiiitha- 

lene 

Total 

aliyl- 

naphtha- 

lane 

Bastlnga SB, Initial oonipoaltlon^ 

0.304 

0.070 

0.102 

0.476 

0.289 

0.062 

0.109 

0.460 

Added aU^lnapbtltaleaa 

.440 

.000 

.000 

.440 

.440 

.000 

.000 

.440 

Calculated eonpoaltlm 

.744 

.070 

.102 

.916 

.729 

.062 

.109 

.900 

Analjzed eoHpoeltloa 

.724 

.066 

.115 

.905 

.757 

.049 

.115 

.921 

Dtfferences 

-,ozo 

-.004 

.OU 

o 

1 

.026 

-.013 

.006 

.021 

Haatlnga SB, Initial ooopoBltlcD^ 

0.304 

-0.070 

0.102 

0.476 

0.289 

0.062 

0.109 

0.460 

Addled Bllo'lnBi^HalaDa 

.000 

.000 

.454 

.454 

.000 

.000 

.464 

.454 

Calculated conpoeltlou 

.304 

.070 

.556 

.930 

.289 

.062 

.563 

.914 

Aual^zad ocapaeltlcn 

.296 

.047 

.546 

.869 

.328 

.047 

.550 

.905 

IJlffereDoes 

-.006 

-.023 

-.010 

-.041 

.039 

-.015 

-.053 

-.009 
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Specific extinction, k, llters/gram cm 


NACA TN No. I6i 



HI 




3040 3080 

Wavelength, A 
(a) Naphthalene. 


Figure I. - Ultraviolet absorption spectra of three al ky I naphthal enes 
determined by photoelectric spectrophotometer. Solvent, isooctane; 
slit widths, 0.16 millimeter. Circles denote simitar measurements 
with slit widths of 0.50 millimeter. 




Specific extinction, k, liters/gram cm 


5 


NACA TN No 


S.20 


HI 


2.40 


2.00 


Bl 


1.20 


wavelength, A 
fb) 1-Methylnaphthalene. 

Figure I. - Continued. Ultraviolet absorption spectra of three alkyl- 
naphthalenes determined by photoelectric spectrophotometer. Solvent 
Isooctane; slit widths, 0,16 millimeter. Circles denote similar 
measurements with slit widths of 0.50 millimeter. 
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NACA TN No. 1608 



( c ) 2 -Me thylnaphthaleno . 

Figure I. - Concluded. Ultraviolet absorption spectra of three alkyl- 
naphthalenes determined by photoelectric spect rophotometer. Solvent, 
Isooctane; slit widths, 0.16 millimeter. Circles denote similar 
measurements with silt widths of 0.50 millimeter. 
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Wavelength, A 
(a) Fhenyl sulfide* 

Figure 3. - Ultraviolet.' absorption spectra of sulfur compounds deter- 
mined by photoelectric spectrophotometer. Solvent, isooctane; slit 
widths, 0.50 millimeter. 



Specific extinction, k, liters/gram cm 



2200 2400 2600 2800 

Wavelength, A 
(b ) Amyl aulf ida . 

Figure 3. - Continued. Ultraviolet absorption spectra of sulfur com- 
pounds determined by photoelectric spectrophotometer. Solvent, IsO' 
octane; slit widths, 0.50 millimeter. 
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2200 . 2400 2600 2800 3000 3200 3400 


Wavelength, A 
(c) Dodocyl sulfide. 


Figure 3. - Continued. Ultraviolet absorption spectra of sulfur com- 
pounds determined by photoelectric spect rophotometer. Solvent, iso- 
octane; slit widths, 0.50 millimeter. 
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Figure 4. - Ultraviolet absorption spectrum of a 278° to 420° F cut of 
Hastings crude determined by ultraviolet spectrophotometer together 
with similar spectra resulting from addition of 0.44 percent of 
naphthalene by volume and 0.454 percent of 2-methy I naphthal ene by vol- 
ume to the cut. Solvent, Isooctane; slit widths, 0.50 millimeter; 
cell thickness, 0.50 centimeter. Concentration of cut, 112.9 grams 
per liter in all three spectra. 



